Abstract. The effect of silane treatment on processing characteristic and swelling behavior of recycled acrylonitrile butadiene rubber (NBRr)/polypropylene (PP)/rice husk powder (RHP) composites has been studied. Polypropylene/recycled acrylonitrile butadiene rubber/rice husk powder (PP/NBRr/RHP) composite were prepared by melt mixing technique at 180º C for 9 minutes and 50rpm rotor speed using an internal mixer. Five different composites compositions (70/30/0, 7030/5, 70/30/10, 70/30/15 and 70/30/30), with silane treated RHP (treated) and without silane treatment RHP (untreated) was studied. The specimens were analyzed for swelling behavior with ASTM oil No.3 and processing torque of composites was obtained during composite preparation. The results showed that swelling percentage for both composites increased with NBRr content. However the treated composites exhibited lower swelling characteristics. Processing torque of both composites also showed higher torque reading with increasing NBRr content. However the treated composite with silane exhibited much higher torque value for similar composition composites. Better interaction between RHP filler and PP/NBRr matrixs was obtained with treated composites.
Introduction
Advantages of natural fibers over man-made fibers make natural fibers the potential replacement for traditional reinforcement materials such as glass fiber in composite material systems. Its capacity as filler or additives in plastic materials is not well define. The reason is because these composites are found to be incompatible or immiscible due to poor physical and chemical interaction between the phases. The incompatibility may be due to the fact that the polyolefin is non-polar and hydrophobic, whereas lignocelluloses material is polar, due to the hydroxyl groups in the cellulose.
In order to solve this problem, studies have been performed on surface modification for the purpose of making the polyolefin chains more hydrophilic [1, 2] . Chemical treatment on fibers surface and usage of coupling agent are excellent methods to improve compatibility between hydrophobic matrixs and hydrophilic fillers [3] [4] . Many investigations have been carried out by numerous researchers [4] [5] [6] . Coupling agents based on alkoxysilanes are frequently employed for cellulosic fibers. Hydrolysis of the alcoxyl groups with subsequent reaction with hydroxyl groups from cellulose can provide chemical bonding with the fibers [7] . Bledzki et al. [8] modified jute fiber with alkali, silane and maleated polypropylene (MAPP), and found that surface modification enhanced the mechanical properties of jute fiber reinforced polypropylene composites. Ismail et al. [9] utilized silane coupling agent on white rice ash-polypropylene/natural rubber composites, and found that silane coupling agent have improved the mechanical properties of the composite. Liu et al. [10] modified jute fiber with alkali and silane, and found that chemical treatments on the surface of jute fiber have improved the mechanical properties of jute fiber reinforced poly(butylenes succinate) bio-composites. However, so far no work has been reported on PP/NBRr/RHP composites and its effect with the APS coupling agent. The aim of this study is to evaluate the effect γ-aminopropyltrimethoxysilane (APS) coupling agent on the PP/NBRr/RHP composites. Processing stabilization torque, water absorption and swelling behavior of PP/NBRr/RHP composites were investigated. The materials used for the preparation of PP/NBRr/RHP composites are shown in Table 1 . The rice husk powder were ground in a table type pulverizing machine (Rong Tsong Precision Technology Co. Product Id: RT-34) with speed of 2850 rpm, sieved at 300-500µm in particle size and dried at 110ºC for 24 hours in a vacuum oven to produce rice husk powder of homogeneous fractions.
Experimental

Material
The treatment reaction was carried out in a mixture of water/ethanol (40/60 volume). 3g of γ-aminopropyltrimethoxysilane was first introduced into 1000 ml of the mixture water/ethanol and was allowed to stand for 1 hour. The pH of the solution was maintained at 4 with the addition of acetic acid. Then, 10 g of rice husk powder was added into the solutions and the solutions were continuously stirred for 1.5 hours. The filler was filtered and was dried in the air and then in the vacuum oven at 80°C for 24 hours.
Polypropylene (PP) was mixed with recycled acrylonitrile butadiene rubber (NBRr) and rice husk powder (RHP) at various loading (0, 10, 15, 20, 30) phr. Rice husk powder was dried at 110ºC for 24 hours in a vacuum oven prior to mixing. A constant PP and NBRr was used at 70phr and 30phr respectively. Table 2 shows the formulation of PP/NBRr/RHP composites.
The composites were prepared by melt mixing using a Haake Rheomix Polydrive R 600/610 mixer at 180 0 C with the rotor speed of 50 rpm. PP was charged into the mixing chamber and melted for 4 min before NBRr was added. At 6 min the RHP was added and the mixing was continued for another 3 min for a total mixing time of 9 min. PP granules and NBRr powder were dried for 24 h at 80°C under vacuum prior to melt mixing in an internal mixer. The compounded samples were compression-moulded in a Go-Tech compression moulding machine. A seven (7) min of preheating at 180ºC, 2 min of compression at 1000psi and another 2 min of cooling for sample fabrication. Moulded samples were cut into dumbbell with a Wallace die cutter S6/1/6.A according to ASTM D638. S3  S4  S5  S6  S7  S8  S9   PP  70  70  70  70  70  70  70  70  70  NBRr  30  30  30  30  30  30  30  30  30  Pure RHP  -5  10  15  30  ----γ-APS Treated RHP  -----5  10  15  30 The specimens were dried for 4 h in a vacuum oven at 100°C until a constant weight was attained prior to immersion in water in thermostated vessels at ambient temperature. Weight gains, after exposure, were recorded by removal of the specimen from the environment and by weighing them periodically on a Stanton balance with a precision of 1 mg. The moisture content at any time t, M t as a result of moisture absorption, was calculated by using Eq. 1.
where W d and W o were, weight of dry material (i.e., the initial weight of the material prior to exposure to the environment) and weight of moist material. The percentage equilibrium moisture absorption, M m , was calculated as an average value of several consecutive measurements that showed no appreciable additional absorption.
Determination of the swelling percentage in ASTM oil No. 3 was carried out in accordance with ASTM D471 test method. The test pieces of dimension 30 mm x 5mm x 1mm were weighed and immersed in ASTM oil No.3 at room temperature for 70 hours. As for toluene the test, samples were immersed for 48 hours at room temperature. The swelling percentage of the samples for both ASTM oil No.3 and toluene was calculated using Eq. 2.
Swelling (%) = swollen weight -original weight x 100 (2) original weight Fig. 1 shows plot of stabilization torque at end of mixing 9 min for PP/NBRr/RHP composites. The stabilization torque can be a direct measurement for evaluating the viscosity and processability of molten polymer composite systems. An increase in the torque value means an increase in the viscosity of the molten polymer composite systems, whereas processability is decreased. It can be seen that stabilization torque increases gradually with the increase in filler loading. This is due to the presence of more rigid filler and interfacial interactions between filler and matrix, therefore reducing the polymer chains' mobility [2, 12] . At a similar filler loading, the composites with silane treated filler shows higher stabilization torque as compared to the composites with untreated filler which indicates more force is needed for each compounding to be done. This is due to the presence of γ-aminopropyltrimethoxysilane which enhances interfacial interactions between filler and matrix and resulted in the increases of viscosity of the molten materials. We have reported a similar observation in our previous study on the PP/NBRr/RHP with PPMAH(Polypropylene Maleic Anyhdride) compatibilization [11] whereby higher stabilization torque resulted for composites with good interfacial interactions between RHP and PP/NBRr matrixs.
Results and Discussion
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Composite Science and Technology [7, 9, [14] [15] . However in our previous research PP/NBRr/RHP were found to exhibit 2 stage absorption behavior [13] . The RHP in continues matrix absorb water much easier compared to the RHP particles encapsulated by NBRr. It can be seen in Figure 10 that filler content had a significant effect on water absorption properties of the composites. It indicates that, the higher the filler content, the higher the percentage of equilibrium water absorption [15] . This is due to the fact that, the increases of filler content in composite will increase the number of free OH groups of lignocellulosic fiber. Free OH groups come in contact with water through hydrogen bonding which results in water uptake and weight gain in the composites. At a similar filler loading, it can be seen that the composites with silane treated filler shows a lower water uptake compared to the composites with untreated filler. This result provides a clear indication that the RHP treatment with γ-aminopropyltrimethoxysilane enhances the filler-matrix interactions at the interface thus decrease the amount of equilibrium water uptake by the composites. Ismail et al.[16] reported similar findings whereby lower absorption in in PP/NR/RHP ash attributed to the ability of the chemical to form a protective layer at the interfacial zone to consequently prevent the direct diffusion of water molecules into silane treated composites. It was found that swelling percentage increased with increasing of RHP content in both silane treated and untreated PP/NBRr/RHP composites. This was due to the properties of natural fiber RHP which absorb oil on its surface [10] . However for the similar composites composition, the treated composites exhibited lower swelling percentage due to better interaction of RHP particles in the continuous PP/NBRr matrix which limit the penetration of oil into the treated composites matrix. This might due to the ability of silane coupling agent to form better interaction and a protective layer at the interfacial zone to consequently prevent the direct diffusion of water and oil molecules into the composites. We have reported similer observation on polypropylene-maleic-anhydride(PPMAH) compatibilization to PP/NBRr/RHP composites in our previous work [13] .
Summary
The following conclusions can be made based on the results presented in this work.
1. The processing torque and tensile modulus and swelling in oil increases with increasing RHP filler loading in untreated composites. It is attributed to the brittle nature of RHP. 2. Silane treated composites exhibits higher processing stabilization torque, tensile modulus and lower elongation compared to untreated composites might due to strong interfacial bonding between RHP filler and PP/NBRr matrixs. 3. Silane treatment is effective in reducing water and oil absorption in PP/NBRr/RHP/ composites. This might due to the ability of silane coupling agent to form better interaction and a protective layer at the interfacial zone to consequently prevent the direct diffusion of water and oil molecules into the composites.
